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Synthesis of Heterobimetallic Complex Li2Ni2(tbaoac)6
Method I. A flask was loaded with Li(tbaoac) (0.500 g, 3.05 mmol) and Ni(tbaoac)2 (1.135 g, 3.05 mmol) under argon atmosphere, and 50 mL of dry, oxygen-free dichloromethane was added. The green solution was stirred at room temperature for 6 h. The solvent was evaporated under vacuum at room temperature. Yield was ca. 1.472 g (90%). Li2Ni2(tbaoac)6 is getting decomposed at the temperatures higher than 165 o C and is soluble in all common solvents. The purity of the bulk crystalline product was confirmed by X-ray powder diffraction analysis ( Figure S1 and Table S4 ).
Method II.
A flask was loaded with Li(tbaoac) (379 mg, 2.31 mmol) and NiCl2 (100 mg, 0.769 mmol) under argon atmosphere, and 50 mL of dry, oxygen-free ethanol was added. The suspension was refluxed for 7 days, until the solution turned clear. The solvent was evaporated under vacuum at room temperature and the green solid residue was further dried under vacuum at 100 o C overnight. The final green product was isolated by extraction with dichloromethane followed by evaporation of the solvent at room temperature. Yield was ca. 0.372 g (90 %). Method IV. A mixture of Li(tbaoac) (20 mg, 0.12 mmol) and Ni(tbaoac)2 (46 mg, 0.12 mmol) was sealed in an evacuated glass ampule and placed in an electric furnace without temperature gradient. The ampule was kept at 150 °C for 7 days. The resulting green product was further purified by dynamic vacuum sublimation (cold finger) at 160 °C. Yield was ca. 54 mg (82 %).
Synthesis of Heterotrimetallic Precursors
Li2CoNi(tbaoac)6 (1)
Method I. A flask was loaded with Li(tbaoac) (0.500 g, 3.05 mmol), Co(tbaoac)2 (0.568 g, 1.53 mmol) and Ni(tbaoac)2 (0.568 g, 1.53 mmol) under argon atmosphere, and 50 mL of dry, oxygen-free 1,2-dichloroethane (DCE) was added. The brown solution was stirred under ESI5 different conditions as described below (Table S1 ). In all experiments, the solvent was evaporated under vacuum at room temperature and the brown solid residue was further dried under vacuum at 100 o C overnight. The bulk crystalline product was analyzed by X-ray powder diffraction ( Figure S2 and Table S5 ). 
Li 2 CoMg(tbaoac) 6 (2)
Method I. A flask was loaded with Li(tbaoac) (97 mg, 0.59 mmol), Co(tbaoac)2 (110 mg, 0.30 mmol) and Mg(tbaoac)2 (100 mg, 0.30 mmol) under argon atmosphere, and 50 mL of dry, oxygen-free 1,2-dichloroethane (DCE) was added. The purple solution was stirred under different conditions as described below (Table S2 ). The solvent was evaporated under vacuum at room temperature and the purple solid residue was further dried under vacuum at 100 o C overnight. The bulk crystalline product was analyzed by X-ray powder diffraction ( Figure 3 and Table 6 ). (Table S3 ). The solvent was evaporated under vacuum at room temperature and the green solid residue was further dried under vacuum at 100 o C overnight. The bulk crystalline product was analyzed by X-ray powder diffraction ( Figure 4 and Table 7 ). 
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Crystal Growth
Block-shaped crystals of Li2Ni2(tbaoac)6 suitable for structural measurements were obtained by keeping its saturated solution in dichloromethane at around -20 °C for 2 days. Single crystals of Li2CoNi(tbaoac)6 (1), Li2CoMg(tbaoac)6 (2) and Li2NiMg(tbaoac)6 (3) were obtained by keeping their saturated solutions in diethyl ether at around -20 °C for 1-3 days. The details of crystal growth experiments are summarized in the Table S8 . 
X-ray Crystallographic Procedures
The single crystal diffraction data for Li2Ni2(tbaoac)6 were collected on a Bruker SMART APEX CCD-based X-ray diffractometer system equipped with a Mo-target X-ray tube (λ = 0.71073 Å).
The single crystal diffraction data for Li2CoNi(tbaoac)6 (1) were measured at 100 K on a Bruker D8 fixed-chi with Pilatus1M CdTe pixel array detector (synchrotron radiation at λ = 0.41328 Å) located at the Advanced Photon Source, Argonne National Laboratory (ChemMatCARS, Sector 15). Data were collected using ϕ scans. The single crystal diffraction data for compounds 2 and 3
were measured on a Bruker D8 VENTURE with PHOTON 100 CMOS shutterless mode detector system equipped with a Mo-target X-ray tube (λ = 0.71073 Å). Data reduction and integration were performed with the Bruker software package SAINT (version 8.38A). 3 Data were corrected for absorption effects using the empirical methods as implemented in SADABS (version 2014/5). 4 The structures were solved by SHELXT and refined by full-matrix least-squares procedures using the Bruker SHELXTL (version 2017/1) 5 software package. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in idealized positions for structure factor calculations with Uiso(H) = 1.2Ueq(C) and Uiso(H) = 1.5Ueq(C) for methyl groups.
All disordered parts were modeled with anisotropic thermal parameters using similarity restraints (SAME command in SHELXL) and were also restrained with the combination of RIGU/SIMU commands. In the structure of Li2CoNi(tbaoac)6 (1), the M II position was fixed as occupied by both Co and Ni with a ratio of 1:1. In the structure of Li2CoMg(tbaoac)6 (2), the M II position was found to be occupied by both Mg and Co with Mg:Co ratio refined as 47%:53%. In the structure of Li2NiMg(tbaoac)6 (3), the M II position was found to be occupied by both Mg and Ni with Mg:Ni ratio refined as 53%:47%. Metal atomic coordinates and anisotropic displacement parameters in these structures were constrained by applying the EXYZ and EADP instructions.
Crystallographic data and details of the data collection and structure refinement for all reported compounds are listed in Table S6 . 
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Theoretical Calculations
All geometry optimizations were performed at the DFT level of theory with a help of hybrid exchange-correlation functional PBE0 with Grimme's empiric dispersion corrections (here D3 type). All atoms were described by TZVP basis sets. Relativistic effects were accounted explicitly through the ZORA approximation. The nature of stationary points on the potential energy surface (PES) was determined by calculation of the full Hessian matrix followed by computing harmonic vibrational frequencies. In order to accelerate calculations, all structures were pre-optimized using recently proposed method PBEh-3c. In order to obtain better evaluation of energetics, single-point calculations were performed with recently developed double-hybrid DFT functional with empiric dispersion corrections (here B2PLYP-D3). In order to accelerate calculations, the "chain-of-spheres" algorithm was applied (RIJCOSX keyword in ORCA terminology). All calculations at this level of theory were performed using ORCA (v.
4.0.0) program suite. 
